I
N RECENT YEARS, the dorsolateral prefrontal cortex (dlPFC) has been the target of intensive study in schizophrenia with noninvasive neuroimaging analyses and morphologic and biochemical analyses of postmortem brains. 1, 2 Using stereologic methods, we have shown that neuronal density is elevated in the dlPFC (areas 9 and 46) in schizophrenic patients, 3, 4 and these findings have been interpreted as evidence that a reduction in cortical neuropil may be a neuropathologic substrate for cognitive dysfunction of the prefrontal cortex in schizophrenia. 5 Numerous postmortem studies [6] [7] [8] [9] [10] [11] of presynaptic and postsynaptic elements support the hypothesis that neuronal connectivity is impoverished in the dlPFC in schizophrenic brains.
Neuropathologic findings in the dlPFC provide a biologic basis for working memory impairments, including associated eye tracking deficits, that are reliably observed in schizophrenic patients. [12] [13] [14] [15] [16] Pathologic abnormalities in the dlPFC may also account for abnormal brain activation of this region as observed in neuroimaging studies. [17] [18] [19] [20] [21] [22] One question that arises is whether the prominence of neuropathologic findings in the dlPFC in schizophrenia simply reflects a research bias because many contemporary studies have focused on this area or if in fact pathologic findings of the dlPFC are more pronounced than those of other cortical areas. In addition, as divergent findings in the cortex have emerged from independent laboratories using different methods and studying distinct cohorts of patients, it has not been possible to determine which of the factors-cortical region, methods, or patient cohort-accounts for the disparate neuropathologic findings. Thus, despite the diversity of reported changes in neuronal density, the existence of regional specificity in the neuropathologic substrate of schizophrenia has been viewed with considerable skepticism. Language dysfunction is prominent in schizophrenia and encompasses a broad spectrum of disturbances, ranging from syntactic and semantic abnormalities to incoherency of speech and loose associations. [23] [24] [25] [26] Despite the prominence of aberrant speech patterns in schizophrenic patients, Broca's area has not been studied in postmortem schizophrenic brains.
The objectives of the present study were (1) to examine the neuropathologic correlate of language dysfunction in Broca's area and (2) to determine whether Broca's area exhibits pathologic abnormalities similar to those of the dlPFC. Accordingly, a 3-dimensional cell counting method was used to assess alterations in neuronal and glial density and somal size in Broca's area 44, and, in a subset of the same schizophrenic and control brains, cell density in area 9 was reexamined. Increased neuronal density was again found in area 9. Cytoarchitectonic abnormalities were not detected in area 44. These data provide further evidence that the pronounced reduction of neuropil that characterizes the dlPFC in schizophrenia is a regionally specific pathologic finding.
METHODS

SOURCES AND DIAGNOSIS OF BRAIN MATERIALS
A total of 33 brains (15 from schizophrenic patients and 18 from normal controls) were examined in this study. Twenty-five brains were obtained from the Harvard Brain Tissue Resource Center (HBTRC) in Belmont, Mass; an additional 8 brains were procured from the Section of Neuropathology, Clinical Brain Disorder Branch, Intramural Research Program, National Institute of Mental Health (NIMH), Bethesda, Md. All brains were obtained in accordance with the procedures established by the institutional review boards of the participating institutes. Ten brains had to be eliminated because a final diagnosis of schizophrenia (6) or control (1) could not be confirmed because of confounding secondary diagnoses or neuropathologic conditions (2) or because the tissue was unsuitable for counting (1) . An additional HBTRC control case was eliminated because of long storage time in formalin (TF) that did not match any of the remaining HBTRC schizophrenic brains. Thus, analysis was performed on the remaining 9 schizophrenic and 14 normal control brains ( Table 1) .
Brains included in the study were from subjects 76 years or younger who did not have a history of prior neurologic illness or injury ( Table 2) . The brains were placed in phosphatebuffered neutral 10% formalin within 35 hours of death and in most cases within 25 hours. All brains obtained from the HBTRC were stored in formalin for less than 1 year; exact storage times for 3 of these brains were not available, but TF was in the same range as that of the other brains from this source. Brains obtained from the NIMH had all been stored in formalin for 3.5 to 4.5 years. Thus, schizophrenic and control brains were matched for age, postmortem interval (PMI), and TF by source (Table 1) . At autopsy, none of the brains showed evidence of atrophy or other pathologic changes in the frontal lobes or contained lesions near the sites of analysis. One schizophrenic brain (B3498) had a few scattered plaques in the anterior frontal cortex consistent with the effects of normal aging. Another schizophrenic brain (B3546) was found to have an old, small infarct in the putamen, and a third (B3574) exhibited 2 small infarcts, one in the calcarine cortex and another in the white matter subjacent to the precentral gyrus. Control subjects did not have a history of schizophrenia or psychiatric illness in their families. The diagnosis of The mean ± SD age (in years) was 54.4 ± 14.0 for controls and 56.2 ± 16.6 for schizophrenic patients (F 1 = 0.084, P = .78). The mean ± SD postmortem interval (in hours) was 17.7 ± 6.0 for controls and 22.6 ± 9.1 for schizophrenic patients (F 1 = 3.04, P = .10). The mean ± SD time in formalin (in months) was 17.9 + 19.8 for controls and 22.3 + 21.3 for schizophrenic patients (F 1 = 234, P = .63).
†Cases analyzed for area 9. ‡Cases designated as "probable schizophrenia" have met the Feigner criteria for schizophrenia with regard to duration and symptoms, ie, these cases have a chronic illness of at least 6 months' duration without subsequent return to premorbid levels of psychosomatic adjustment and do not show signs of depression or mania consistent with affective order. The diagnosis of "probable schizophrenia" also indicates the presence of either delusions and/or hallucinations, significant communication deficits due to lack of logical thinking, or both. "Probable schizophrenia" is distinguished from "schizophrenia" by meeting 2 of 5 of the following demographic criteria. To qualify for a diagnosis of schizophrenia, 3 or more of these criteria must be met: (1) single, (2) poor premorbid social adjustment or work history, (3) family history of schizophrenia, (4) absence of alcoholism or drug abuse within 1 year of onset of psychosis, and (5) onset of illness before age 40 years.
schizophrenia was ascertained via retrospective review of the subjects' medical records and application of either the Feigner criteria (Francine M. Benes, MD, PhD, HBTRC) or DSM-IV (J.E.K.). Information regarding age of onset, duration of illness, symptoms, medications, substance abuse, and family history of mental illness are provided in Table 2 .
HISTOLOGIC PROCESSING AND CELL COUNTING
Small blocks (approximately 1 cm 3 ) of Broca's area 44 were dissected from the posterior portion of the third frontal convolution (pars opercularis) of the left hemisphere, embedded in celloidin, and sectioned at 40 µm (Figure 1) . Nissl-stained sections were examined to identify sections containing area 44 based on cytoarchitectonic characteristics of this area as described in the "Results" section. Five sections evenly spaced throughout the sections containing area 44 were chosen for measurement of cell density. For example, if after identifying the extent of area 44 in slides from the block, area 44 was located in 15 slides (cut at 40 µm spaced 400 µm apart), we sampled every third slide or every 1.2 mm. All slides were coded so that the investigators (L.D.S. and J.M.) were blind to diagnosis during the analysis. Slides of area 44 were analyzed under an ϫ100 oil objective on either a Zeiss Standard (L.D.S.) or Zeiss Axiophot (J.M.) (Carl Zeiss, Oberkochen, Germany) microscope with video output to a personal computer. The custom designed software Quantify (Oguz Algan, MD, PhD, Department of Neurobiology, Yale University School of Medicine) was used to define a 3-dimensional box (dimensions: 80 µm [x] ϫ 60 µm [y]ϫ25 µm [z]) within the thickness of the section, allowing at least 5-µm guard zones at the top and bottom of the section, and to apply a direct, 3-dimensional counting method. 27, 28 Neurons and glia were counted separately in a linear probe of stacked counting boxes extending from the pial surface to the underlying white matter. Small neurons were distinguished from glia on the basis of cytologic characteristics, including presence of visible cytoplasm, a less distinct nuclear membrane, and a less heterogeneous distribution of chromatin material in the nucleus as illustrated previously. 29 Laminar boundaries, which were most clearly visible at low power (6.3ϫ), were marked on the linear probes by switching back and forth between 6.3ϫ and 100ϫ objectives during the analysis so that cell density for each of the 6 layers could be calculated. Total length of the linear probe provided a measurement of cortical thickness. Values from the 5 linear probes were averaged to obtain a mean value of neuronal density, glial density, and cortical thickness for each case. Because layers II and IV are very thin in area 44, an additional 6 to 12 linear probes were analyzed in which only neurons in layers II and IV were counted. This ensured that a minimum volume of 3 ϫ 10 −3 mm 3 (range, 3.00-4.59 ϫ 10 −3 mm 3 ) was sampled for these small granular layers, a volume comparable to the sampling volume in layers V and VI (4.05ϫ10 −3 mm 3 and 4.93ϫ10 −3 mm 3 , respectively). Linear probes of layers II and IV were located on the same 5 sections but spaced a minimum of 500 µm from the original probes. Pyramidal and nonpyramidal density was assessed in a minimum of 2 linear probes in all cases and in the additional 6 to 12 linear probes per case for layers II and IV. Pyramidal neurons were identified by the triangular shape of the nucleus; all other neurons were classified as nonpyramidal.
In 15 cases (6 schizophrenic and 9 control), representing all cases in which area 9 was available for study, additional small blocks of the magnocellular portion of area 9 were dissected from the left hemisphere ( Figure 1 ) and processed for cell counting as described herein. A minimum of 3 probes per case were analyzed (L.D.S.).
SOMAL SIZE MEASUREMENTS
In 2 probes from all cases, somal sizes were measured throughout all 6 cortical layers of area 44 as described in detail previously 30 and in an additional 6 to 10 probes in layers II and IV. The outlines of neuronal and glial soma were traced with the aid of a digitizing tablet. Note that glial soma were approximated by the glial nucleus since glial cytoplasm was not visible. The diameter of a circle with equivalent area was then calculated for each of these measurements. Average diameters for neuronal soma and glial nuclei were calculated for each layer of individual cases. Group means for control and schizophrenic cases were then computed by averaging the means from individual cases.
STATISTICAL ANALYSIS
An analysis of variance (ANOVA) with post hoc comparison of normal and schizophrenic groups was performed to determine the presence of abnormalities in overall neuronal density, glial density, and cortical thickness in the schizophrenic brains. Similar statistical analyses of group means for age, PMI, and TF were performed. Cell densities and proportionate thickness of the 6 cortical layers were analyzed with a repeated-measures ANOVA. A Bonferroni correction was applied to take into account the large number of comparisons (P value/number of cortical layers=.05/6). Therefore, laminar differences were considered significant at PϽ.008. Interrater reliability of the overall neuronal density in area 44 was assessed with a Spearman correlation. In addition, regression analysis was performed to assess any possible influence of age, PMI, or storage TF on the measured parameters of cell density and cortical thickness. A regression analysis was also performed on the 15 cases in which both areas 9 and 44 were counted to determine if there were a correlation between neuronal density in the 2 areas.
RESULTS
QUALITATIVE OBSERVATIONS
Area 44 was identified on the basis of classic cytoarchitectonic descriptions of this cortical area by Brodmann, 31 and delineation of area 44 in these brains was consistent with a recent quantitative analysis of area 44.
32 Area 44, a dysgranular cortex, is characterized by thin layers II and IV (Figure 2) . In addition, large magnopyramidal cells occupy lower layer III in area 44. Area 44 is distinguished from adjoining area 9 by having an even thinner layer IV than area 9 yet more extensive infragranular layers V and VI, thus resulting in a thicker cortical ribbon overall. Area 44 is easily distinguished from neighboring area 45, which has wider, more prominent granular layers. No overt abnormalities in cytoarchitectonic arrangement were observed in the schizophrenic brains in area 44. The magnocellular division of area 9, as described previously, 33 has a wide layer III with increasingly larger pyramidal cells in the deeper sublayers, a thin layer IV that often is interrupted by the protrusion of large pyramidal cells from adjacent layers, and thin infragranular layers. Area 9 in the schizophrenic brains exhibited a normal arrangement of cell layers and cell types.
QUANTITATIVE DATA
A total of 39527 neurons and 50991 glia were counted in this study. Of the 29301 area 44 neurons counted, 5955 were measured to assess neuronal somal size; glial nuclear size was measured in 8690 of 37476 glia. The number of neurons counted per layer in area 44 ranged from 4415 (layer V)to8554(layerIII),withtheexceptionoftheneuron-sparse layerI(508).Glialcountsrangedfrom3104(layerI)to11235 (layer III). Average neuronal and glial counts per probe in area 44 were 164 and 237, respectively. In area 9, average neuronal and glial counts per probe were 168 and 221. In area 9, total neuronal counts per layer, excluding layer I, ranged from 1304 (layer V) to 4021 (layer III); glial counts ranged from 865 (layer II) to 5021 (layer III). Therefore, for each case, a minimum of 90 neurons per layer (II-VI) were counted in area 9, and no less than 191 neurons per layer were counted in every case in area 44.
Area 44
The overall morphometric profile of area 44 in the schizophrenic brains did not differ from that of the control group (Figure 3) . Mean±SD neuronal density spanning layers I through VI in controls measured 45 (Figure 3) .
Repeated-measures ANOVA for neuronal density in each of the 6 cortical layers showed neither a significant effect of disease (F 1,21 = 0.555, P = .46) nor a layers-bydisease effect (F 5,105 =1.726, P=.14) in area 44 (Figure 4) Neuronal density for each of the 6 cortical layers for Broca's area 44 is shown in the graph to the left. On the right, neuronal density in layers I through VI of area 9 is illustrated. Note that neuronal density tended to be higher in all 6 layers in the schizophrenic brains compared with the controls. The elevation in neuronal density in layer III was marginally significant. Mean neuronal somal size ranged from 7.7 to 13.3 µm in layers I through VI; no differences between schizophrenic and control cases were found ( Table 3) . Mean glial nuclear size was much more homogeneous across all cortical layers, ranging from 4.6 to 4.9 µm, and did not differ between schizophrenic and control groups (disease effect: F 1,21 = 0.027, P = .87; layers-by-disease effect: F 5,105 =0.724, P= .61).
Area 9
In the15 cases in which area 9 was analyzed, neuronal density in the 9 control brains measured 46.40 ± 5.55ϫ10 3 neurons/mm 3 , which was comparable to the density found in our previous study 3 Figure 5 ). Neuronal density in area 9 was higher in every schizophrenic case than neuronal density in area 44 ( Figure  5) , and regression analysis indicated that neuronal densities in areas 9 and 44 were not correlated for these 15 cases ( Figure 5 ).
In agreement with data from our previous study 3 of area 9, there was a significant effect of disease on laminar neuronal density (F 1,13 = 6.65, P = .02), with no significant effect of layers by disease (F 5,65 =0.826, P=.54), because neuronal density tended to be elevated in all 6 layers with a marginally significant increase in layer III (F 1,13 =9.254, P=.009) (Figure 4) . Analysis of laminar glial density in area 9 did not uncover significant effects of disease (F 1,13 = 0.681, P = .42) or layers by disease (F 5,65 =0.66, P =.66). Likewise, the proportionate width of the 6 cortical layers was not different in schizophrenic and control groups in area 9 (disease: F 1,13 =1.08, P =.32; layers by disease: F 5,65 =0.541, P =.74).
Interrater Reliability
A Spearman correlation of 0.668 (n=18, P=.002) was found for neuronal density in area 44. Because different probes were counted by the 2 raters, this correlation reflects an acceptable degree of congruence between the counts.
Effects of Age, PMI, and TF
In the 9 schizophrenic and 14 control cases in which area 44 was analyzed, there were no significant differences in age, PMI, or TF between the schizophrenic and control groups (Table 1) ; furthermore, regression analysis did 5 . A, Neuronal density was 12% higher in area 9 in schizophrenic brains compared with controls. No difference was observed between these same 6 schizophrenic and 9 control brains in Broca's area 44. B, Neuronal density was as high or higher in area 9 in all 6 schizophrenic brains analyzed for both areas. C, There was no correlation between neuronal density in area 9 and neuronal density in area 44 in the 15 brains analyzed for both areas. not reveal any correlation between these factors and neuronal density, glial density, or cortical thickness. In the 15 cases analyzed for both areas, no significant differences between groups were found for age (F 1 = 0.226, P=.64), PMI (F 1 =0.282, P=.60), or TF (F 1 =0.177, P=.68). Note that these statistics represent TF values for area 9 blocks, which differed slightly from the TF for area 44 blocks from the same cases. Regression analysis did not reveal any influence of age or PMI on neuronal density in area 9. Although a significant effect of TF on neuronal density was observed (r 2 =0.282, P=.02), when analysis of covariance was performed for neuronal density in area 9 with TF as the covariate, the difference in the adjusted means remained significant (F 1 = 8.513, P=.01) .
COMMENT
In the present study, neuronal density in Brodmann area 44 in schizophrenic brains was not different from that of controls, whereas in the same brains a generalized increase in neuronal density was measured in dlPFC area 9, replicating our previous morphometric findings in an entirely new cohort of brains. 3 In addition, the previously reported 29 reduction in neuronal somal size in layer III of area 9 was not present in area 44 in the schizophrenic brains studied herein. These results add to a growing body of evidence suggesting that the dlPFC exhibits more pronounced pathologic abnormalities than ventral regions of the prefrontal cortex and that the neuropathologic substrate of schizophrenia are characterized by regional specificity.
LIMITATIONS OF THE METHODS
The boundaries of individual cortical areas in the prefrontal cortex are not sharply defined because the cytoarchitectonic features of neighboring areas blend gradually into each other. Thus, it was not possible to systematically, randomly sample area 44 or 9 in this study; instead we sampled as widely as possible throughout each cortical area of interest. As a result, we could not assess total volume or total cell number in either area. As discussed at length previously, 3, 4 drawing any conclusions about changes in neuron number from our findings must be done with caution because changes in the reference volume of the cortical area could have occurred. In addition, because we sampled the middle of each cortical area where the cytoarchitectonic features could be clearly identified, our findings may not apply to transitional regions of cortex at the boundaries of the area. Finally, the possibility that differential shrinkage occurred between schizophrenic and control groups in area 9 and in area 9 selectively, resulting in the increase in neuronal density only in area 9 in the schizophrenic brains, cannot be entirely dismissed. However, this possibility seems highly unlikely because 3 separate cohorts of brains have now shown similar elevations in neuronal density in the dlPFC. Furthermore, it is well established that reduction of cortical gray matter of the dlPFC is present in living schizophrenic subjects, 34, 35 and therefore it seems more reasonable to attribute changes in cell density in this area to the endogenous condition than to postmortem processing.
POSSIBLE CONFOUNDING FACTORS
The subjects in this study were matched for age, PMI, and TF; therefore, the morphometric abnormalities observed in the schizophrenic brains are not likely due to age, postmortem factors related to preservation of brain tissue, or shrinkage. Although regression analysis of the 15 brains analyzed for both areas revealed a significant correlation between neuronal density and TF, analysis of covariance indicated that the elevation in neuronal density was not affected by removal of TF. The association of TF with neuronal density in area 9 seems to be due to the longer storage times and higher densities for both control and schizophrenic brains from the NIMH. Separate analysis of the HBTRC and NIMH brains revealed higher neuronal densities for schizophrenic brains from both sources relative to their source-matched controls, although the elevation was not significant for the NIMH brains. Furthermore, if shrinkage due to long storage times in fixative were responsible for the increase in neuronal packing density, elevated neuronal density would have been found in both areas since blocks of area 44 from the same brains were stored for as long or longer than those from area 9 in the 6 schizophrenic cases analyzed for both areas.
A shift in the proportionate width of layers III and V was noted in the schizophrenic brains in area 44. Because area 44 is located on the frontal operculum, probes of this area of necessity sampled curved brain surfaces. In the schizophrenic brains, sampling sites may have involved the convexity of the gyrus, where the infragranular layers tend to be expanded and the supragranular layers compressed, more often than in controls. This laminar distortion would not have any effect on measured densities in individual laminae but could have influenced overall cell density estimates for area 44. However, since layers III and V have similar densities, which were not altered by the diseased state, it is unlikely that the shift in laminar proportion masked a significant change in neuronal density across all layers.
The number of cases in which we were able to examine area 9 was limited by the necessity of eliminating several brains from the study. Both putative schizophrenic brains excluded due to insufficient medical records had relatively high neuronal densities in area 9 (ie, Ͼ50ϫ10 3 neurons/mm 3 ), and one schizophrenic brain with a secondary diagnosis of multiple sclerosis had a comparably high density in area 9 as well. In contrast, neuronal density for area 9 in the excluded schizoaffective brain was close to the control mean. This observation is consistent with the results of our original analysis of area 9 in which schizoaffective brains exhibited wide-ranging neuronal densities with some having normal or even below normal densities. 3 The brain originally diagnosed as schizophrenic but ultimately assigned a diagnosis of bipolar disorder had relatively high neuronal density.
Most of the schizophrenic patients in this study had been medicated with antipsychotic drugs. One case had a chlorpromazine equivalent of zero, indicating that this subject was free of neuroleptic agents at the time of death. Densities in this neuroleptic-free schizophrenic brain were similar to the other neuroleptic-treated brains. Moreover, our recent morphometric analysis of the cortex in (REPRINTED) ARCH GEN PSYCHIATRY/ VOL 60, JAN 2003 WWW.ARCHGENPSYCHIATRY.COM 75 rhesus monkeys following long-term administration of antipsychotic drugs indicated that neuronal density is not altered by antipsychotic treatment for a period of 6 months. 29 Therefore, the changes in neuronal density observed in the prefrontal cortex of this cohort of patients are unlikely to be caused by medication.
One schizophrenic patient was assigned a secondary diagnosis of alcohol abuse; 2 others had a history of alcohol use, and 1 of these occasionally used illicit drugs (Table  2) . However, the neuronal densities in these subjects were not different from other schizophrenic patients in the study. Moreover, 3 control cases also had a history of significant daily consumption of alcohol, although they were not diagnosed as having alcoholism (Table 2) , again indicating that the alterations in cellular packing density were not alcohol related. Comparative analysis of alcoholic and schizophrenic patients with magnetic resonance imaging has indicated that alcoholism is associated with reductions in both gray and white matter volumes, whereas schizophrenic patients show selective gray matter deficits. 35 Likewise, 2 control cases with normal neuronal density had a history of drug abuse ( Table 2 ), indicating that elevated cell density is not associated with drug intake.
REGIONAL SPECIFICITY IN THE NEUROPATHOLOGIC SUBSTRATE OF SCHIZOPHRENIA: PROMINENCE OF THE dlPFC
Previous morphometric analyses 3,4 from our laboratory have consistently revealed increases in neuronal density in prefrontal areas 9 and 46 in schizophrenic brains. A similar trend of increased neuronal density and decreased cortical volume has been observed in the cortex as a whole and in frontal, parietal, and temporal lobes. 36 However, the reduced neuropil deficit may not extend to ventrolateral regions of the prefrontal cortex. Previous studies of the orbitofrontal cortex in schizophrenic patients have uncovered subtle, laminar-specific reductions in neuronal density. Decreased density of small neurons in layer II, in conjunction with an increase in pyramidal cell density in layer V, has been observed in area 10, 37 whereas reduced neuronal density in layer I has been reported in area 47. 38 The present study, which shows that neuronal density is unaltered in area 44, adds to the literature suggesting that neuronal density is not markedly abnormal in ventral regions of frontal cortex of schizophrenic patients. Indeed, these regionally diverse changes in neuronal density in dorsal and ventral frontal areas may account for the lack of significant changes in neuronal density when the prefrontal cortex or frontal lobes are analyzed as a whole. 36, 39 The finding of heterogeneous pathologic findings in the cortex fits well with magnetic imaging data on human schizophrenic patients, indicating that gray matter volume reduction is not uniform across the cerebral mantle. Although global loss of cortical gray matter is well documented, a more pronounced deficit in the frontal lobe has been described in first-episode patients. [40] [41] [42] Heterogeneity even within the frontal lobe has been described. For example, volume is reduced in schizophrenic patients in conjunction with a smaller decrease in the "frontal" region, corresponding to motor and premotor regions. 34 Similarly, a selective reduction of cortical volume has been reported in heteromodal association cortices, including prefrontal, parietal, and temporal higher-order association cortices. 43 Moreover, analysis of N-acetyl-aspartate concentrations as measured with magnetic resonance spectroscopy is selectively decreased in the dlPFC in schizophrenia patients, lending further support for decreased structural integrity of this cortical region. 44 
MULTIPLE COMPONENTS OF THE VERBAL DEFICIT IN SCHIZOPHRENIA
New evidence from functional magnetic resonance imaging analysis in normal human subjects has implicated a much wider expanse of frontal cortex in verbal processing than the language area originally described by Broca. [45] [46] [47] [48] For example, patients with frontal lobe lesions limited to area 44 exhibit a classic Broca's area syndrome with disturbances of syntax, whereas more anterior and dorsal cortical lesions in areas 45, 46, and 9 are associated with story incoherency. 49 A recent functional magnetic resonance imaging study 50 has shown a further dissociation of activity in areas 44 and 45 during a verbal working memory task, thus indicating that the inferior frontal gyrus is comprised of multiple functionally distinct subregions. Because schizophrenic patients exhibit many forms of verbal abnormalities, ranging from deficits in phonemic fluency and semantic organization to looseness of associations, verbal working memory deficits, and thought disorder, [23] [24] [25] [26] 51, 52 the abnormalities in schizophrenic language function are likely to involve areas of the prefrontal cortex beyond Broca's area. Although involvement of Broca's area in the pathophysiologic characteristics of schizophrenia is supported by functional magnetic resonance imaging studies in schizophrenic patients that show a deficit in activation of the left inferior frontal gyrus during a word serial position task, 53 schizophrenic patients show deficits in the dorsolateral cortex with intact activation of the inferior frontal cortex on tasks that involve higher-order language function such as memory for contextual information. 54 Findings in the present study suggest that deficits in syntax and sentence structure are not associated with cytoarchitectonic abnormalities comparable to those observed in the dlPFC and reaffirm the prominence of dysfunction of the dlPFC in mediating complex cognitive function in schizophrenia.
